The clinical significance of metabolic syndrome (MS) score, MS, and its individual components with respect to risk prediction of coronary artery disease (CAD) remains unclear. The objective of this study was to investigate whether and to what extent MS score, MS, and its individual components were related to the risk of CAD. Methods: Among 1191 participants who underwent coronary angiography for the confirmation of suspected myocardial ischemia, 858 were included in this study according to the inclusion criteria from September 2010 to June 2013. MS was diagnosed with the 2005 National Cholesterol Education Program Adult Treatment Panel III criteria. The severity of coronary atherosclerosis was assessed by Gensini score.
IntroductIon
The metabolic syndrome (MS), also known as the insulin resistance, is characterized by a clustering of cardiovascular risk factors including hyperglycemia, obesity, dyslipidemia, and hypertension, and it was first defined by Reaven in 1988 to improve the understanding of links between insulin resistance and vascular disease. [1] MS is now becoming increasingly common [2] and represents a global public health problem. [3] Since its first definition, many studies have focused on whether the MS is associated with an increased risk of cardiovascular disease. [4] [5] [6] [7] [8] [9] Some studies found that MS had a high prevalence in patients with coronary artery disease (CAD) [5, 6, 10] and increased the risks of cardiovascular disease and all-cause mortality. [4] [5] [6] [7] It has been reported that MS is a risk factor of cardiovascular disease, but not above and beyond the risk associated with its individual components. [11, 12] Therefore, the number of components of MS might be more useful to predict the severity of CAD than MS per se, and it has been used instead of a binary definition of MS in several studies. [13] [14] [15] [16] Each abnormality promotes atherosclerosis independently, but when clustered together, whether or not these metabolic disorders are increasingly atherogenic and enhance the risk of developing CAD and cardiovascular events, results are controversial. [13] [14] [15] [16] Therefore, the clinical role of MS remains contentious, and its definition is also under debate.
The objective of this study was to investigate whether and to what extent MS score, MS, and its individual components were related to the risk for CAD since few studies have focused on this issue in Chinese population.
Methods

Subjects
The individuals of the present study were recruited from a consecutive sample of 1191 individuals who underwent coronary angiography for the confirmation of suspected myocardial ischemia and the evaluation of CAD at the Department of Cardiology in Shanghai Zhongshan Hospital, Fudan University between September 2010 and June 2013. Patients who had an acute coronary syndrome (n = 264) or had incomplete clinical information were excluded (n = 69) from the study. Thus, 858 individuals participated in this study.
All participants were Chinese and living in Shanghai and its neighboring areas, and all gave their informed written consents. The Institutional Review Board of Shanghai Zhongshan Hospital approved the study protocol.
Clinical and biochemical measurements
All patients were inquired in detail about case histories, which included sex, age, history of smoking, alcohol consumption, hypertension, diabetes, family history of hypertension, diabetes, and CAD, and information on medical treatment. The anthropometric measurements such as body height, body mass, waist circumference, hip circumference, and blood pressure were determined by the same physicians from our department with body mass index (BMI) and waist to hip ratio (WHR) being calculated as well. BMI was calculated as body weight in kilograms divided by the square of height in meters (kg/m 2 ). Waist circumference was calculated as the average of two measurements taken after inspiration and expiration at the highest point of iliac crest. WHR was calculated as the waist circumference divided by the hip circumference. Blood pressure was assessed while the patient was sitting, and the average of three measurements was calculated. Current cigarette smoking was defined as a daily intake of more than five cigarettes. Hypertension was defined as systolic blood pressure (SBP) ≥140 mmHg (1 mmHg=0.133 kPa), or diastolic blood pressure (DBP) ≥90 mmHg in at least two separate measurements, or a history of hypertension. Diabetes was defined according to the diagnostic criteria of the World Health Organization. [17] After an overnight fasting, blood samples were collected from all of the patients for the measurements of fasting plasma glucose (FPG), triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). FPG concentrations were measured by a glucose oxidase method (Beckman Coulter Inc., USA). Serum TG, TC, and HDL-C levels were measured by the enzymatic method (7170A, Hitachi, Japan), and LDL-C levels were calculated according to the Friedewald formula (LDL-C = TC − HDL-C − TG/2.2). [18] Definition of metabolic syndrome
The presence of MS was determined using the updated 2005 National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) criteria (adapted for Asians). [19] The reason why this study chose NCEP-ATP III diagnostic criteria was that this diagnostic criteria was for the whole population and the criteria for waist was adapted for Asians. Thus, these diagnostic criteria were appropriate for the study and had least influence on the results. In detail, the definition of MS requires the presence of any three or more of the following five criteria: (1) elevated waist circumference: ≥90 cm in men or ≥80 cm in women; (2) elevated TGs: ≥1.7 mmol/L or on drug treatment for elevated TGs; (3) reduced HDL-C: <1.03 mmol/L in men or <1.3 mmol/L in women or on drug treatment for reduced HDL-C; (4) elevated blood pressure: SBP ≥130 mmHg or DBP ≥85 mmHg or on antihypertensive drug treatment in a patient with a history of hypertension; and (5) elevated fasting glucose: ≥5.6 mmol/L or on drug treatment for elevated glucose. According to the existence of these criteria, points were summed and MS scores [14] varying from 0 to 5 were calculated in patients who underwent coronary angiography.
Coronary angiography and diagnostic criteria for coronary artery disease
Selective coronary angiography was performed using standard Judkins techniques in all of the patients. Angiography analysis was conducted by two experienced interventional cardiologists who were blinded to the study protocol. Significant angiographic CAD was defined as ≥50% lumen diameter reduction in at least one major coronary artery. [20] Gensini score [21] was used to assess the severity of CAD as follows: it grades narrowing of the lumen of the coronary artery and scores it as 1 for 1-25% narrowing, 2 for 26-50% narrowing, 4 for 51-75%, 8 for 76-90%, 16 for 91-99%, and 32 for a totally occluded artery. This score was then multiplied by a factor according to the importance of the coronary artery. The multiplication factor for a left main stem lesion is 5. It is 2.5 for proximal left anterior descending artery (LAD) and proximal circumflex (CX) artery lesions, 1.5 for a mid-LAD lesion, and 1 for distal LAD, mid/distal CX, and right coronary artery lesions. The multiplication factor for any other branch is 0.5. [22, 23] 
Statistical analysis
Statistical analysis was performed with SPSS version 13.0 software (SPSS, Chicago, IL, USA). Continuous variables were presented as means ± standard deviation (SD) and were compared with an analysis of variance (ANOVA). Discrete variables were presented as total number (percentage) and were compared by the Chi-square test. Univariate and multivariate logistic regression models were used to evaluate whether MS score, MS, and its individual components were related to the prevalence of angiographic CAD. Spearman's rank correlation and multivariate linear stepwise regression analyses were used to evaluate to what extent MS score, MS, and its individual components were related to the severity of angiographic CAD assessed by the Gensini score after adjustment for age, sex, and the use of lipid-lowering drugs, antidiabetic drugs, and antihypertensive drugs. Analysis of covariance was performed to adjust for the effect of age, sex, and the use of lipid-lowering drugs, antidiabetic drugs, and antihypertensive drugs. Logarithmic transformation was used for Gensini score because of the high degree of skewing. A P < 0.05 was considered statistically significant.
results
Baseline characteristics
In this study, all of the patients were aged 33-82 years (mean 59 years), of which 626 (73.0%) were male. A total of 471 (54.9%) patients had MS. Most frequent component of MS determined in the patients was elevated blood pressure. A total of 638 (74.4%) patients had elevated blood pressure, followed by reduced HDL-C (59.8%), elevated TGs (57.2%), waist circumference (41.1%), and fasting glucose (29.0%).
Relative frequency according to the metabolic syndrome score
The distribution of patients with a 0 to 5 MS score is listed in Table 1 . In most groups, elevated blood pressure was the most frequent abnormality, followed by reduced HDL-C, elevated TGs, waist circumference, and fasting glucose.
Clinical and biochemical characteristics in relation to the metabolic syndrome score Table 2 outlines the demographic, clinical, and biochemical characteristics of the patients in relation to the MS score. As the MS score rose, so did age, BMI, waist circumference, WHR, SBP, DBP, and FPG (P < 0.05 or <0.001). TG increased and HDL-C decreased gradually with the MS score from 0 to 5 (P < 0.001). There were significant differences with respect to history of hypertension and diabetes, family history of hypertension, diabetes, and CAD, and the medical treatment (P < 0.05 or <0.001). No significant differences were found with respect to sex, TC, LDL-C, smoking status, and alcohol consumption (all P > 0.05).
Relative frequency according to with and without metabolic syndrome
The distribution of patients with and without MS is listed in Table 3 . In the MS group, elevated blood pressure was also the most frequent abnormality, followed by elevated TGs, reduced HDL-C, waist circumference, and fasting glucose. Table 4 outlines the demographic, clinical, and biochemical characteristics of patients with and without MS. There were significant differences between the two groups in most variables, especially the individual components of MS, whereas the TC, LDL-C, smoking status, and alcohol consumption were not significantly different (P > 0.05).
Clinical and biochemical characteristics in relation to with and without metabolic syndrome
Frequency of various combinations of metabolic syndrome components
Frequency of various combinations of MS components of patients with and without MS is listed in Table 5 . In patients with three components, the most frequent combination is elevated TGs combined with reduced HDL-C and elevated blood pressure. In patients with four components, the most frequent combination is elevated waist circumference and elevated TGs combined with reduced HDL-C and elevated blood pressure.
Association between metabolic syndrome score, metabolic syndrome, and its individual components and the prevalence of angiographic coronary artery disease Coronary angiography revealed that 533 (62.1%) patients had significant angiographic CAD. Figure 1 depicts CAD prevalence in relation to the MS score. As the MS score rose, the CAD prevalence before and after adjustment for age and sex increased. Individuals with an MS score of 0 had the lowest CAD prevalence (45.0%) while the other five groups had significantly higher prevalence (51.4%, 57.0%, 68.4%, 70.4%, and 72.9%, respectively, P < 0.001). vs. 53.7%, P < 0.001). By univariate logistic regression analyses adjusted for age and sex, MS score, MS, and three of its individual components including elevated waist circumference, reduced HDL-C, and elevated fasting glucose were significantly associated with CAD [ Table 6 ]. After adjustment for age, sex, MS score, MS and its components each other, and drug using, multivariate logistic stepwise regression analysis showed that only MS and its components of elevated fasting glucose were significantly associated with CAD (odds ratio [OR], 1.628, 95% confidence interval [CI ], 1.151-2.305, P = 0.006 for elevated fasting glucose and OR, 1.631, 95% CI, 1.208-2.203, P = 0.001 for MS) [ Table 6 ].
We then explored that to what extent MS score, MS, and its individual components were related to the severity of angiographic CAD. Figure 1 depicts CAD severity assessed by the Gensini score in relation to the MS score. The Gensini score increased gradually with the MS score before and after adjustment for age and sex. Individuals with an MS score of 0 had the lowest Gensini score while the other five groups had significantly higher Gensini score (P = 0.001). Figure 2 depicts Gensini score in relation to patients with and without MS. Compared to patients without MS, patients with MS had significantly higher Gensini score (P < 0.001). By Spearman's rank correlation analyses adjusted for age and sex, MS score, MS, and three of its individual components including elevated waist circumference, reduced HDL-C, and elevated fasting glucose were significantly associated with the Gensini score [ Table 7 ]. After adjustment for age, sex, MS score, MS and its components each other, and drug using, multivariate linear stepwise regression analysis showed that only MS score and its components of elevated fasting glucose were significantly associated with the Gensini score (standardized coefficients, 0.103, P = 0.009 for MS score, and standardized coefficients, 0.101, P = 0.031 for elevated fasting glucose) [ Table 7 ]. 
Four components of MS
Five components of MS
The aim of the present study was to investigate whether and to what extent MS score, MS, and its individual components were related to risk for CAD. This study found the following results. (1) In Chinese high-risk patients of the present study, among all the MS components, elevated waist circumference, reduced HDL-C, and elevated fasting glucose might have the relatively higher association with CAD, whereas elevated TGs and elevated blood pressure might have weaker association. Besides, MS score and MS were also related with CAD. After adjustment for age, sex, MS score, MS and its components each other, and drug using, results showed that only MS and elevated fasting glucose were significantly associated with CAD. (2) By Spearman's rank correlation analyses, MS score, MS, and three of its individual components including elevated waist circumference, reduced HDL-C, and elevated fasting glucose were significantly associated with the severity of CAD assessed by the Gensini score, whereas no significant associations were found in elevated TGs and elevated blood pressure. After adjustment as above, results showed that only MS score and elevated fasting glucose were significantly associated with the Gensini score. This study indicated that MS score, MS, and its individual components might have different values in respect of the prevalence and severity of CAD.
The MS is determined by the presence of three or more of quantitatively identified components. From the clinical prospective, it has been questioned whether or not MS improves cardiovascular risk prediction, beyond previously used tools for CAD. [4] [5] [6] [7] [8] [9] Many studies have confirmed the predictive effects of MS to CAD in different population. For example, in a Dutch population-based cohort study which was named the Hoorn study, the NCEP definition of MS was associated with about a 2-fold increase in age-adjusted risk of fatal CVD in men and nonfatal CVD in women. [4] Moreover, in a longitudinal cohort study in Dubbo, Australia of 2805 men and women ≥60 years followed for 16 years from 1988, prediction of CAD and all-cause mortality is genuinely driven by the MS and independently of its component variables. [24] Both studies indicated a clinical value in diagnosing the MS. A similar conclusion was also obtained in two Chinese population groups. [5, 25] However, despite such findings, the predictive value of MS for CAD was poor in some other studies. [8, 9, [26] [27] [28] The results from an American population showed that although accelerated coronary atherosclerosis progression is observed in the setting of MS, this is due to the presence of individual component risk factors rather than to the presence of the syndrome itself. [27] Furthermore, a recent prospective study in Finland also showed that during the 9-year follow-up, 422 deaths occurred, and after multivariable adjustment, no significant differences were found between patients with and without MS for all-cause, CVD, or CAD mortality in all study participants or by gender. [28] These findings indicated that the MS is a marker of CAD risk but no above and beyond the risk associated with its individual components. Therefore, the number of components of MS might be more useful than MS per se to predict the severity of CAD. The results of the present study showed that MS score, MS, and three of its individual components including elevated waist circumference, reduced HDL-C, and elevated fasting glucose were associated with the severity of CAD assessed by the Gensini score. After adjustment for age, sex, MS score, MS and its components each other, and drug using, only MS score and elevated fasting glucose were still significantly associated with the Gensini score. These results are partly in line with some previous studies. [15, 25] In Korea, Kim et al. [15] found that the MS score correlates with the angiographic severity of CAD, but different from this study, they obtained their results without a multiple regression analysis. In China, Zhang et al. [25] also found that MS patients had significant increases in CAD Gensini score, but unfortunately, MS score was not used and multivariate analysis was not performed in their studies.
Whether or not MS score, MS, and its individual components were related to the prevalence of angiographic CAD was also evaluated in the present study. Results showed that elevated waist circumference, reduced HDL-C, and elevated fasting glucose might have the relatively higher association with CAD, as well as MS score and MS, whereas elevated TGs and elevated blood pressure might have weaker association. After adjustment as above, results showed that only MS and elevated fasting glucose were significantly associated with CAD. Therefore, all these results indicated that different components of MS might have different contributions with respect to CAD. MS and elevated fasting glucose were independent risk factors for the prevalence of angiographic CAD, whereas MS score and elevated fasting glucose were significantly associated with the severity of CAD in the present study population.
In this study, however, we did not find any association of elevated TGs and elevated blood pressure with the prevalence of CAD as well as the severity of it assessed by the Gensini score. These results can be supported by some previous studies, in which elevated TGs and/or elevated blood pressure was not associated with CAD. [15, 25, 29] For example, in a Japanese study, [29] the ORs of the NCEP definition of elevated TGs for CAD were 1.12 (0.76-1.68) in male and 2.16 (0.91-5.13) in female, and the ORs of elevated blood pressure for CAD were 1.39 (0.96-2.01) in male and 1.73 (0.87-3.46) in female. However, Tanomsup et al. [30] drew different conclusions. This cohort study in Thailand showed that when all individual components were cross-adjusted for each other in the same model, only high blood pressure and elevated fasting glucose were independently associated with CVD and mortality. An additional analysis, excluding those with diabetes at baseline, found that only high blood pressure was independently associated with each outcome. Tanomsup et al. [30] observed CVD including fatal or nonfatal myocardial infarction or stroke, and no coronary angiography was observed to assess the severity of CAD, and no antihypertensive drugs were recorded, which were all different from the present study. This might partially explain the reason why different conclusion was drawn.
The primary novelty of this study included that it was investigated whether and to what extent MS score, MS, and its individual components were related to risk for CAD in a much more detail way than before. [15, 25] Besides, patients with acute myocardial infarction were excluded from the study avoiding some selection bias such as stress hyperglycemia.
However, there are still several limitations to be found in the present study. First, it is a retrospective study, therefore not directly allowing the prediction of future cardiovascular risk in patients at a given baseline status. Second, all the patients included were middle aged or elderly and most of them were referred to the Department of Cardiology because of the occurrence of cardiac symptoms. These might have resulted in a higher prevalence of CAD in this study population than those in the common population. Third, although having been adjusted for drug use, results might still be affected by it more or less in the study population inevitably.
In conclusion, in this study, MS score, MS, and its individual components might have different values in respect of the prevalence and severity of CAD in the high-risk Chinese patients. MS and elevated fasting glucose were independent risk factors for the prevalence of angiographic CAD, whereas MS score and elevated fasting glucose were significantly associated with the severity of CAD in the present study population. These findings might be helpful for other investigators to reevaluate the predictive effects of MS on CAD. 
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